ABSTRACT In this paper, we propose a scheme using a new kind of quantum walk to realize quantum communication well. In our scheme, obviously, there are three advantages. First, the initial states can be transferred from the source to the target by finite steps, which will make execution easier in practice. Second, due to fewer restrictions to the network models, our scheme can be adapted to more general network models, such as the butterfly network, the inverted crown network, the grail network, and the generalized butterfly network G k . Finally, arbitrary single-qubit and two-qubit initial states can be transferred to different kinds of network models. At the same time, the fidelity and probability equal 1. Our work promotes more applications of combining quantum computation with quantum communication in the future.
I. INTRODUCTION
In network communication, data at the source node can be transmitted to the target node with the help of routers. As the technology develops fast, more and more data need to be transferred at the same time. Therefore, data congestion becomes a general problem to be considered carefully. The point-to-point quantum communication is being changed to the multi-party quantum network communication. A wide range of research meanings are focused on this problem in some network structures [1] - [4] . Regarding the quantum networks, the feasibility and construction have been fully researched theoretically [5] , [6] . In classical network communication, in addition, some researchers focus the physical layer security of the channel. In 2016, Li et al. [7] investigated secure relay beamforming problem for simultaneous wireless information and power transfer in amplify-andforward two-way relay networks. In 2018, Yang et al. [8] discussed the physical layer security for transmit antenna selection/maximal ratio combining systems with and without co-channel interference over η −µ fading channels. Different from the classical network communication, during quantum communication, we pay more attention to the Perfect State Transfer(PST) during quantum communication due to the data congestion.
Investigators are devoted to pursuing better ways to solve this problem. In 2000, non-trivial coding of data was proposed by Ahlswede et al. [9] for the first time to improve the communication rate. Then, Leung et al. [10] discussed the k-pair communication in butterfly network. However, it is not possible to transfer the states with fidelity 1 in their schemes [9] , [10] .
In the quantum network coding (QNC), a lot of researchers have been trying their best to achieve PST during the transmission. Hayashi et al. [11] firstly proposed that with basic settings (all quantum networks connected by noiseless quantum channels with unit capacity), the butterfly network(twounicast network) is solvable with fidelity less than 0.983. With the same settings, Leung et al. [10] took the asymptotic solvability with fidelity tending to 1 into consideration as a significantly large use of the work. Later, Li et al. [12] proposed a new scheme to improve efficiency and reduce consumption. In conclusion, at the present, we cannot transfer the states with fidelity 1 by quantum network coding. Recently, quantum walk has been introduced into the research on the PST.
Quantum walk, the quantum counterpart of classical random walk, has been widely researched since it was proposed by Aharonov et al. [13] for the first time.
Quantum walk was mainly divided into two types, e.g. continuous-time quantum walk [14] - [16] and discrete-time quantum walk [14] , [17] - [20] . Nowadays, we attach much more importance to the discrete-time quantum walk. Generally speaking, in the discrete-time quantum walk, walkers are controlled by coins. In 2011, Franco et al. [21] proposed alternate discrete-time quantum walk, in which the requirement of a higher dimensionality of the coin space is replaced by the alternate of the directions to which the walker can move. Later, using discrete-time interacting quantum walk, Li et al. [22] proposed a hash scheme.
It was shown that because quantum walk has quantum interference effects, the average path length, which corresponds to the propagation velocity of the walker, can be much larger than that of the classical random walk. This property makes quantum walk widely applied to various kinds of algorithms, such as element distinctness [23] , database searching [24] , PST [25] , [26] and quantum routing [27] .
From a different aspect, PST can be obtained with quantum walks. In the early time, Chiristandle et al. [25] showed that the time-evolution of qubit state transfer by the spin chain can be regarded as the continuous-time quantum walk. Then, with the coin operators added, the quantum walk can be generalized to discrete-time quantum walk. After that, it became a hot topic to do researches on the PST with different kinds of discrete-time quantum walks. In 2011, Paweł and Wójcik [26] discussed the PST with continuous-time and discrete-time quantum walks on the circle, respectively. In 2014, Zhan et al. [27] proposed a changing discrete-time quantum walk approach to realize PST and efficient quantum routing on the line and graph. Subsequently, İskender, and Gedik [28] transfer an unknown state perfectly, and the state can be recovered by applying an additional coin operator. Moreover, in 2016, PST on the highly symmetric graphs is obtained byStefanák and Skoupý [29] in their scheme. In 2017, Yang et al. [30] applied a discrete-time quantum walk approach to achieve PST. However, the application is restricted on certain network models, such as the butterfly network and the inverted crown network. Moreover, it is not sure about how many steps to take to achieve PST on the corresponding network. In 2018, Shang et al. [31] proposed quantum communication protocols to realize the PST with two coins on the line and graph.
Inspired by [27] , we utilize a new kind of quantum walk approach to realize PST during quantum network communication. We will determine the coin operator adopted in every step according the specific network model. In this way, can some problems existing in the previous schemes be overcome with discrete-time quantum walk in our scheme.
• Firstly, the operator used in every step is determinate.
Then, by finite steps, the initial states can be easily transferred from the source to the target, which will improve efficiency and reduce resource in practice.
• Secondly, we give the process of PST on the butterfly network and the inverted crown network in detail. Due to fewer restrictions to the network, our scheme can also be adopted to more general network models, such as the grail network and the generalized butterfly network G k .
• Last but not least, we can transfer arbitrary single-qubit and two-qubit initial states on different kinds of network models. Moreover, the fidelity and probability equal 1 simultaneously. Therefore, our scheme can be adopted to quantum network communication well. The remaining layout of our paper is organized as follows. In section II, we will give a brief introduction about quantum walks so as to understand the subsequent scheme. The process of PST will be described during quantum network communication in section III. Comparisons between our scheme and schemes in [26] and [29] will be immediately given in section IV. Later, we will draw our conclusions in section V.
II. PRELIMINARIES
In this section, we will give some detailed descriptions about the quantum walk so as to have better understandings of our scheme. In addition, the definition about the fidelity will be given. Based on these preliminaries, our work can be carried on more smoothly.
A. DISCRETE-TIME QUANTUM WALK CONTROLLED BY COINS
In this paper, we pay our attention to the discrete-time QW. In so many types of discrete-time quantum walks, one-dimensional QW on the line is the simplest form of QW, whose movement happens on the line [32] , [33] . In the discrete-time QW, there are two spaces, which are coin space denoted by H c and walker space denoted by H w , respectively. Then, the whole space is the Hilbert space H = H c ⊗ H w . In our proposed scheme, the movement of the walker is controlled by the conditional shift operator as follows:
which displays the summation over all possible positions. The whole process is under the control of the coin flipping operators and the conditional shift operator S. The coin flipping operator is denoted by I ⊗C, in which I is the identity operator controlling the walker and C is the coin flipping operator applied to the coin state. In general, the coin flipping operators are the identity operator I and the Pauli operator σ x . On the line, using identity operator I , the coin state will keep unchanged and the walker will move in the same direction as the previous walker does. On the contrast, if we apply the Pauli operator σ x on the line, the condition will be totally opposite with previous one. Moreover, on the circle, when we employ identity operator I , the walker will walk clockwise. Correspondingly, if the Pauli operator σ x is employed on the circle, then, the walker will walk anticlockwise. The circumstances we describe are demonstrated in Figure 1 .
B. DEFINITION OF PST
Assuming that there is an arbitrary quantum input |ψ A at the source node A supposed to be transferred to the target node B, VOLUME 7, 2019 at target node B, the quantum output is |ψ B . Then the state fidelity
can be achieved, the state transfer is called PST. This definition can be generalized to multi-unicast communication.
III. PROCESS TO ACHIEVE PST
Before introducing our scheme, the whole idea of using quantum walk to realize quantum communication is shown in Figure 2 . Firstly, we should know the positions of the source and target nodes in the network model. Secondly, try to find a circle including the source and target nodes in the network model. Thirdly, we need to determine whether
can be meet, then we are going to calculate the explicit communication scheme with quantum walk. If not, we should go back to second step. Finally, check whether there are some conflicts and deal with it. In our manuscript, the proposed method is realized on both the butterfly network and the inverted crown network. With too many times of trials on different kinds of network models, we conclude the simplest method to transfer coin states. The network model can be seen as the undirected graph since there is no restrictions to the classical channel. At the beginning, assume that the initial state is ψ 0 = |0 (α|0 + β|1 ), where α|0 + β|1 is the coin state, |α| 2 + |β| 2 = 1, superscript 0 stands for the number of steps and |0 is the initial position. Our purpose is to transmit the initial state ψ 0 = α|0 + β|1 from position |0 to certain position |x perfectly after n steps. In addition, during the quantum communication, it is worth noticing that the positions of state α|0 and state β|1 are denoted by |P 1 and |P 2 , respectively. Therefore, at the ith step, the state can be written as
A. PST OVER THE BUTTERFLY NETWORK
In the butterfly network (as shown in Figure 3 ), firstly, we are going to transfer single-qubit states from A 1 and A 2 to B 1 and B 2 , respectively. Then, we will describe the circumstances of FIGURE 2. The whole idea of using quantum walk to realize quantum communication. Here, n is the number of steps, x is the node the state located at. two-qubit states transferred from A 1 and A 2 to B 1 and B 2 , respectively.
1) PERFECT SINGLE-QUBIT STATES TRANSFER
Here, the initial state at A 1 is
where
where |α 2 | 2 + |β 2 | 2 = 1. The detailed process is described as follows.
• PST from source A 1 to target B 1
According to (5), we can clearly learn about the whole process of PST from A 1 to B 1 . In addition, we use ϕ i 1 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 1 displays that the state ϕ i 1 is transferred from source A 1 to target B 1 . And the symbols on the arrows are operators used in the corresponding step. First, the state ϕ 0 1 is transmitted to C 1 . Then, we apply the identity operator I to the coin state, getting coin state ϕ 2 1 . Finally, we keep applying the identity operator I to the coin state, then, we can get the state ϕ 3 1 . Therefore, the initial state ϕ 0 1 is perfectly transferred from the source A 1 to the target B 1 after 3 steps.
• PST from source A 2 to target B 2
It is similar to the process of PST from A 1 to B 1 . Moreover, we use ϕ i 2 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 2 displays the state ϕ i 2 transferred from source A 2 to target B 2 . Furthermore, the symbols on the arrows are operators used in the corresponding step. To begin with, the state ϕ 0 2 is transmitted to C 1 to get state ϕ 1 2 . After that, we apply the identity operator I to the coin state to accomplish the state ϕ 2 2 . At last, we keep on adopting the identity operator I to the coin state. So we can get the state ϕ 3 2 . Therefore, the initial state ϕ 0 2 is perfectly transferred from the source A 2 to the target B 2 after 3 steps.
The walker walks on the butterfly network for many times. Finally, we conclude two kinds of methods. We use the first method on the butterfly network in the beginning. Compared with the second method, it is easier to perform the first method. The second method needs an extra Pauli operator σ x to make coin flipped at the last step. Here, we will not give more descriptions about the second method.
Apparently, we can find a problem during the transmission that at one node there may be more than one state concurrently. As mentioned above, at the ith step, the state can be written as ψ i = α P i 1 |0 +β P i 2 |1 . By parity of reasoning, at the ith step, we can give
Hence, we can solve this problem. If any one of the following conditions can be met, then, we can get the result as shown in (9) .
In (9), as long as one condition can be met, we can get the result. Therefore, in practice, we can tell that if more than one walker locates at the same place, then, let one of the walker walks first and other walkers follow subsequently.
2) PERFECT TWO-QUBIT STATES TRANSFER
We have introduced the single-qubit states transferred from the source to the target. Straight after, we will give detailed descriptions of two-qubit states transferred from the source to the target. The initial states at sources A 1 and A 2 are 0 1 = |A 1 (α 1 |00 + β 1 |10 ) and 0 2 = |A 2 (α 2 |00 + β 2 |10 ), respectively. Moreover, we have |α 1 | 2 +|β 1 | 2 = 1 and |α 2 | 2 + |β 2 | 2 = 1. In our scheme, when we transfer two-qubit states, we apply our coin operator to the first particle. The detailed processes are given as follows.
• PST from source A 1 to target B 1 0 1 = |A 1 (α 1 |00 + β 1 |10 )
At this stage, we need to transfer the initial state from the source to the target. And we use i 1 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 1 displays that the state i 1 is transferred from source A 1 to target B 1 . Furthermore, the symbols on the arrows are operators used in the corresponding step. According to (10) , at the beginning, we use the identity operator denoted by I 1 , the subscript 1 of which displays the operator applied to the first particle. After that, the coin state becomes 1 1 . We keep on utilizing the identity operator I 1 to the first coin state, then, the coin state is going to be 2 1 . Subsequently, the walker carries the coin state to the node B 1 , so our target can be accomplished successfully with 3 1 .
• PST from source A 2 to target B 2 0 2 = |A 2 (α 2 |00 + β 2 |10 )
We are going to transmit the initial state from the source to the target. Owing to the symmetry of the butterfly network, PST from A 2 to B 2 is similar to the PST from A 1 to B 1 . We use i 2 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 2 displays that the state i 2 is transferred from source A 2 to target B 2 . Furthermore, the symbols on the arrows are operators used in the corresponding step. Therefore, we adopt the identity operator I 1 to the coin state to get the new state 1 2 . In the following, we keep on applying the identity operator I 1 to the coin state, so the coin state can become 2 2 . Finally, the only thing we need to do is to transfer the state 2 2 to the node B 2 . Obviously, we can get 3 2 . During the process, some special cases may occur that more than one walker meet with each other at the same node. As for this circumstance, we can settle this problem with the previous method shown in (9) .
B. PST OVER THE INVERTED CROWN NERWORK
In this section, we will apply the method to the inverted crown network(as shown in Figure 4 ) to achieve the PST. 
1) PERFECT SINGLE-QUBIT STATES TRANSFER
The initial single-qubit states are ψ 0 1 = |A 1 (α 1 |0 + β 1 |1 ), ψ 0 2 = |A 2 (α 2 |0 + β 2 |1 ) and ψ 0 3 = |A 3 (α 3 |0 + β 3 |1 ), respectively, where
It is similar with the previous circumstances. Here, we consider the states ψ 0 3 to be transferred from node A 3 to node B 3 . We use ψ i 3 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 3 displays that the state ψ i 3 is transferred from source A 3 to target B 3 . Furthermore, the symbols on the arrows are operators used in the corresponding step. In the beginning, we apply the identity operator I to the coin state, then, the states is ψ 1 3 . Afterwards, the operator I is operated on the coin state once again, the states becomes ψ 2 3 . Thereby, the initial state ψ 0 3 is successfully transmit from node A 3 to node B 3 after 2 steps.
We use ψ i 1 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 1 displays that the state ψ i 1 is transferred from source A 1 to target B 1 . Furthermore, the symbols on the arrows are operators used in the corresponding step. Based on the (13) , in the beginning, we transmit the initial state ψ 0 1 to A 3 , at which the state is going to be ψ 1 1 . Then, we apply the identity operator I to the coin state, after that, the state is ψ 2 1 . Next, the identity operator I is employed on the coin state, then, the state becomes ψ 3 1 . It is easy to find that the initial state ψ 0 1 is transported to B 1 without loss of information.
We use ψ i 2 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 2 displays that the state ψ i 2 is transferred from source A 2 to target B 2 . Furthermore, the symbols on the arrows are operators used in the corresponding step. According to (14) , to begin with, we transport the initial state ψ 0 2 to the A 3 , the state is ψ 1 2 . Then, we adopt the identity operator I to the coin state, therefore, the state becomes ψ 2 2 . Finally, we also apply the identity operator I to the coin state to achieve the final state ψ 3 2 .
2) PERFECT TWO-QUBIT STATES TRANSFER
We have introduced single-qubit states transfer on the butterfly network. Naturally, in the following, two-qubit states transfer is going to be described. The initial states at sources A 1 , A 2 and A 3 are 0 1 = |A 1 (α 1 |00 + β 1 |10 ), 0 2 = |A 2 (α 2 |00 + β 2 |10 ) and 0 3 = |A 3 (α 3 |00 + β 3 |10 ), respectively, where
. We mainly apply the operator on the first coin state to realize the initial states transfer from the sources to the targets. The detailed processes are described as follows.
• PST from source A 3 to target B 3 0 3 = |A 3 (α 3 |00 + β 3 |10 )
In this stage, we use i 3 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 3 displays that the state i 3 is transferred from source A 3 to target B 3 . And the symbols on the arrows are operators used in the corresponding step. According to (15) , firstly, we apply the identity operator I 1 to the coin state so that we can get 1 3 . Secondly, we keep on adopting the identity operator I 1 to the coin state, the coin state will become 2 3 . It is obvious that the initial state can be transferred to the target perfectly.
• PST from source A 1 to target
In this stage, we use i 1 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 1 displays that the state i 1 is transferred from source A 1 to target B 1 . And the symbols on the arrows are operators used in the corresponding step. Similar to the single-qubit state transfer, we transmit the initial state from node A 1 to node A 3 to get the coin state 1 1 . After that, we employ the identity operator I 1 to the coin state, then, the coin state will be 2 1 . At last, we attach the identity operator I 1 to the coin state, the coin state shall become 3 1 . At this point, we realize PST from node A 1 to node B 1 .
Due to the symmetry of the inverted crown network, the process of PST from source A 2 to target B 2 is similar to that of PST from A 1 source to target B 1 . We use i 2 to represent the state during the quantum communication, where superscript i stands for the ith step and subscript 2 displays that the state i 2 is transferred from source A 2 to target B 2 . And the symbols on the arrows are operators used in the corresponding step. In the beginning, we transfer the initial state to node A 3 where the coin state is denoted by 1 2 . Thereafter, we employ the identity operator I 1 to get the coin state 2 2 . Subsequently, we continue carry on the identity operator I 1 to the first coin state to obtain 3 2 . Fortunately, the coin state 3 2 is what we want to accomplish. As shown in the previous sections, we have made perfect the single-qubit and two-qubit states transfer come true. In the inverted crown network, states are transferred from the sources to the targets at the same time, respectively. When more than one walker locates at the same position, let walkers walk step by step according to (9) .
IV. ANALYSES
There are some implementations about quantum walk. Rohde et al. [34] discussed the problem of multi-walker discrete-time quantum walks on arbitrary graphs, their properties and photonic implementation. Then, in 2016, Chakraborty et al. [35] gave efficient quantum walk on a quantum processor, however, they focused on continuous-time quantum walk. In the same year, optimal spatial search by quantum walk for almost all graphs was proposed by Qiang et al. [36] . Though there are many researches about quantum walk implementation. There are few simulations or implementations about introducing discrete-time quantum walk into quantum communication.
In this manuscript, we propose a theoretical scheme to realize quantum communication with discrete-time quantum walk. In this scheme, we pay more attention to the problem whether the initial states can be perfectly transferred from the source nodes to target nodes on different network models, respectively. Moreover, there are some advantages in our scheme.
In this section, we will give the properties of our scheme. Then, our scheme will be made comparisons with the scheme adopted in [30] and the scheme in [27] . The detailed aspects to be discussed are as follows:
A. STEPS TO ACCOPMLISH THE PST
One metric of the performance for a scheme is steps we need to accomplish the PST. We use a new kind of quantum walk to achieve PST in our scheme. In our scheme, we can take finite steps to achieve PST during quantum network communication, such as 3 steps in the butterfly network. This property can help to save much more resource consumption when executing our scheme during quantum network communication.
B. APPLICATION TO THE NETWORK
It is very important to take the application to the network into account. Due to the method we adopt in our scheme, there are some limits to the application to the network models. In our scheme, the only limit we need to remember is ((n − x) /2) ∈ Z , where n is the number of steps, x is the node the state located at and Z represents the set of all integers. From the facts discussed, we can easily tell that the scale of the application to network in our scheme can be very large. For example, our scheme can also be applied to the G k network and the grail network(shown in Figure 5 ).
C. DIFFERENT INITIAL COIN STATES TO BE TRANSFERRED
In the previous sections, during the quantum communication, we can notice that the initial states can be denoted by α|0 + β|1 and α|00 +β|10 generally. Then, can other forms of the initial states be transmitted perfectly? To solve this problem, we have tried as many as possible forms of coin states to decide whether they can be transmitted successfully in the mentioned network models. These states are α|00 + β|11 , α|01 + β|10 and α|01 + β|11 . The operators used in the quantum communication are similar to those in subsection A of section III in the butterfly network. Moreover, so does the inverted crown network. To conclude, we can achieve PST during quantum communication with more forms of initial states.
D. FIDELITY AND PROBABILITY
The fidelity and probability to transfer PST are two concepts other authors often mentioning in their papers.
In the butterfly network, after t steps, tracing the density matrix ρ t = | | over subsystem p 1 and c 1 and subsystem p 2 and c 2 , respectively, we can achieve the reduced density matrices ρ p 2 ,c 2 ,t and ρ p 1 ,c 1 ,t .
So, the state fidelity at targets B 1 and B 2 can be defined by (20) and (21) .
In our scheme, we can obviously tell that the states can be transferred from site A 1 (A 2 ) to site B 1 (B 2 ) with fidelity 1. Moreover, in the inverted crown network, we can accomplish similar results that we can also transmit the states from initial sites to the corresponding targets with fidelity 1. Considering probability, we know that as long as we have
where n is the number of the step, x is the site the state locating at and Z represents the combination of all integers, the states can be transferred from sources to targets with probability 1.
E. COMPARISON WITH Yang's SCHEME After giving the above four properties of our scheme, we will made some comparisons between our scheme and Yang 's scheme in [30] .
In comparisons with the scheme in [30] , our scheme has some advantages. Firstly, based on the property mentioned in subsection A, we can take finite steps to complete the PST while it is not sure about the number of steps the walker takes to achieve the PST in the scheme in [30] . Moreover, it is obvious that the number of steps used in [30] are much larger than that in our scheme, which will make execution easier in practice. Secondly, as for the application to the network, there are some restrictions due to the method involved in scheme in [30] . Yang et al. [30] employed the method proposed in [28] . In [28] , there is a limit to the network model. That is, if A 1 and B 1 (A 2 and B 2 , A 3 and B 3 ) are the first and (N /2 + 1) th sites for the N -cycle with even N , then, the PST can be obtained during the quantum network communication. Based on this, the application to the network will shrink greatly for the scheme in [30] . Obviously, the scheme in [30] cannot be applied to the G k network and the grail network(shown in Figure 4 ). Last but not least, we can transfer arbitrary single-qubit and two-qubit initial states on different kinds of network models. At the same time, the fidelity and probability hold 1. This is what the scheme in [30] cannot achieve. So, our scheme can be adopted to quantum network communication well.
F. COMPARISON WITH Zhan's SCHEME
In this section, our scheme will be made some comparisons with Zhan's scheme in [27] .
Our scheme is different from the scheme in [27] in some aspects.
To beginning with, the scheme in [27] is discussed on one dimensional and two dimensional cases. However, our scheme is applied to the explicit network models, such as the butterfly network, the inverted crown network.
Then, due to different applied cases, we need to consider more practical limits than that in [27] . In the scheme in [27] , the walker can choose 2 directions on one dimensional case and 4 directions on two dimensional case. Considering the explicit network models, the walker can have 2, 3 or 4 directions to choose in our scheme. Therefore, we are supposed to take more practical circumstances into account. So the method the walker take in our scheme is different from that in [27] .
Last but not least, the scheme in [27] is discussed on one-dimensional and two-dimensional cases, however, we give the forms of the initial states to be transferred successfully in different network models. Moreover, our scheme can be generalized to more network models, which makes our scheme more practical and contribute to applying the quantum walks to the quantum network communication.
V. CONCLUSION
In conclusion, by introducing a new kind of quantum walk, we proposed a scheme to realize PST on butterfly and inverted crown networks. With our scheme, we discussed the PST during the quantum communication over the butterfly network and the inverted crown network. In addition, our scheme can also be applied to the grail network and the generalized butterfly network G k . Subsequently, we made some comparisons with schemes in [27] and [30] in some aspects.
Firstly, in our scheme, the steps to transmit the initial states is much less than that in [30] , which will save resources consumption and improve the efficiency. Secondly, there are fewer restrictions to the network models than the scheme in [30] , therefore, our scheme can be applied to more general network models, such as the butterfly network, the inverted crown network, the grail network and the generalized butterfly network G k . Thirdly, arbitrary single-qubit and two-qubit initial states can be transmitted perfectly on different kinds of network models during quantum network communication. Finally, with the previous three advantages, the fidelity and probability can also be obtained as 1 simultaneously during the quantum network communication. Therefore, it is no doubt that our work will lay the foundation of combining the quantum computation with quantum network communication.
In addition to some advantages we have descried, there are still some questions worth considering carefully. As for the states we transfer, it is a question whether n-qubit coin states can be transmitted perfectly during the quantum network communication. Moreover, except the four network we have mentioned, is there a universal scheme adopted to all network models? Based on these questions, we can carry many further researches on them. This work will be greatly beneficial to applying quantum walks to the quantum communication.
